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(57) ABSTRACT

An adapter mncludes an insertion part that 1s 1nserted 1nto a
body of a power tool and has terminals for electrically con-
necting with the power tool; a pair of rails for guiding inser-
tion of a battery pack in a direction substantially orthogonal to
the 1nsertion direction of the 1nsertion part; an operating part
constituting tool-latching device for attaching to and detach-
ing from the body of the power tool; and a receiving part
constituting battery-latching device for attaching to and
detaching from the battery pack. The operating part of the
tool-latching device and the recerving-side of the battery-
latching device are disposed in different positions when view-
ing the adapter in the msertion direction of the insertion part.

18 Claims, 11 Drawing Sheets
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ADAPTER FOR A POWER TOOL BATTERY
PACK

TECHNICAL FIELD

The invention relates to a cordless power tool, and more
particularly to an adapter for mounting a battery pack on the
power tool.

BACKGROUND ART

Conventionally, cordless power tools have been provided
with a detachably mounted battery pack for supplying power
to a motor built in the body of the power tool. The battery pack

houses rechargeable lithium cells or other secondary batter-
1eS

The battery pack may be mounted onto the body of the
power tool by what will be referred to below as an “insertion
method” or a “sliding method.” In the mnsertion method, the
battery pack 1s mounted on the body of the power tool by
inserting an insertion part protruding from the battery pack
into a handle part formed on the body of the power tool. In the
sliding method, the battery pack 1s mounted on the power tool
by sliding the battery pack onto the lower end of the handle
part in a transverse direction, 1.¢. a direction orthogonal to the
longitudinal dimension of the handle part.

DISCLOSURE OF INVENTION

Technical Problem

Having two methods for mounting a battery pack on a
power tool 1s inconvenient because a battery pack using the
sliding method cannot be mounted on a power tool employing
the 1insertion method.

Technical Solution

In view of the foregoing, 1t 1s an object of the mvention to
provide an adapter that can be made compact, particularly in
the height dimension, and 1s easy to operate and that enables
the use of battery packs employing different mounting meth-
ods.

It 1s another object of the mvention to provide an adapter-
battery pack assembly, and a power tool employing the
adapter described above.

These objects and others will be attained with the adapter
that includes:

an 1nsertion part protruding in a first direction and insert-
able mto a body of a power tool, the mnsertion part having a
plurality of terminals for electrically connecting with the
power tool;

a pair of rails that guides a battery pack to move 1n a second
direction substantially orthogonal to the first direction for
mounting the battery pack;

a tool-latching device for attaching to and detaching from
the body of the power tool; and

a battery-latching device for attaching to and detaching
from the battery pack. The tool-latching device and the bat-
tery-latching device are disposed 1n different positions when
viewing the adapter 1n the first direction.

The adapter-battery pack assembly according to the mven-
tion includes an adapter and a battery pack. The adapter
includes:

an 1nsertion part protruding in a first direction and insert-
able mto a body of a power tool, the mnsertion part having a
plurality of terminals for electrically connecting with the
power tool;
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2

a pair of rails that guides a battery pack to move 1n a second
direction substantially orthogonal to the first direction for

mounting the battery pack;

an operating part for attaching the adapter to and detaching,
the adapter from the body of the power tool; and

a recerving part for attaching the adapter to and detaching
the adapter from the battery pack.

The battery pack includes:

a battery case accommodating a battery;

a pair ol rail grooves formed 1n the battery case for inserting,
the pair of rails; and

a battery-side operating part engageable with the receiving
part. The operating part of the adapter and the recerving part
are disposed 1n different positions when viewing the adapter
in the first direction of the insertion part.

A power tool according to the mvention includes:

a motor;

a battery pack serving as a power source for the motor;

an accommodating section that opens outward;

an electric connector disposed adjacent the accommodat-
ing section; and

an adapter that supplies power from the battery pack to the
motor, the adapter comprising: an insertion part that 1s
inserted 1nto the accommodating section and has a plurality of
terminals for electrically connecting with the power tool; a
pair of rails that guides insertion of the battery pack n a
direction substantially orthogonal to the insertion direction of
the msertion part; an operating part that attaches the insertion
part 1n and detaching the 1nsertion part from the accommo-
dating section; and a recerving part for attaching to and
detaching from the battery pack. The operating part and the
receiving side are disposed 1n different positions when view-
ing the adapter in the msertion direction of the insertion part.

The adapter according to the mvention 1s preferably con-
figured from a base part having a pair of first side walls
disposed 1n substantially confronting relation with each other
and a pair of second side walls disposed 1n substantially
confronting relation with each other and connecting the pair
of first side walls. The operating part of the adapter serving as
a tool-latching device 1s configured to engage a recerving part
provided 1n the body of the power tool. A receiving part
serving as a battery-latching device 1s configured to engage an
operating part provided in the battery pack. The operating part
and the receiving part are disposed on different walls of the
pair of first side walls and the pair of second side walls.

One operating part of the tool-latching device may be
disposed on one of the pair of second side walls, and one
receiving part of the battery-latching device may be formed in
cach of the pair of first side walls.

Alternatively, one receiving part of the battery-latching
device may be formed 1n one of the pair of second side walls,
and one operating part of the tool-latching device may be
disposed on each of the pair of first side walls.

Preferably, operation of the operating part of the tool-
latching device detaches the adapter from the body of the
power tool. Similarly, operation of the operating part of the
battery pack detaches the adapter from the battery pack.

Advantageous Elfects

With the invention described above, the adapter enables the
use of battery packs having different mounting methods. Fur-
ther, since the operating part of the tool-latching device and
the recerving part of the battery-latching device are disposed
at different positions when viewed along the insertion direc-
tion of the insertion part on the adapter, the operating part and
the recerving part do not overlap vertically (along the nser-
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tion direction of the insertion part), making it possible to
reduce the height of the adapter to form a more compact
construction and improving the ease of operating the operat-
ing parts of the tool-latching device and the battery-latching
device, respectively.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a perspective view showing one example a power
tool to which the imnvention 1s applied;

FIG. 2 1s a perspective view showing an adapter according,
to a first mode of the invention from a position obliquely
beneath the adapter;

FIG. 3 1s an exploded perspective view showing a battery
pack with attached adapter according to the first mode of the
imnvention;

FI1G. 4 1s a perspective view showing the battery pack with
attached adapter according to the first mode of the invention;

FIG. 5 1s a front view showing the battery pack with
attached adapter according to the first mode of the invention;

FIG. 6 1s a plan view showing the battery pack with
attached adapter according to the first mode of the invention;

FIG. 7 1s a side view showing the battery pack with
attached adapter according to the first mode of the invention;

FIG. 8 1s a cross-sectional view showing the adapter taken
along the line A-A 1n FIG. 7;

FI1G. 9 1s a cross-sectional view showing the adapter taken
along the line B-B in FIG. 7;

FIG. 10 1s a front view showing a battery pack with an
attached adapter according to a second mode of the invention;

FIG. 11 1s a plan view showing a battery pack with an
attached adapter according to the second mode of the mven-
tion;

FIG. 12 1s a side view showing a battery pack with an
attached adapter according to the second mode of the mven-
tion;

FI1G. 13 1s a side view 1llustrating a method of mounting the
adapter on the battery pack according to the second mode of
the invention;

FIG. 14 1s a front view showing a battery pack with an
attached adapter according to a third mode of the invention;

FIG. 15 1s a plan view showing a battery pack with an
attached adapter according to the third mode of the invention;

FIG. 16 1s a side view showing a battery pack with an
attached adapter according to the third mode of the invention;
and

FI1G. 17 1s a side view 1llustrating a method of mounting the
adapter on the battery pack according to the third mode of the
ivention.

EXPLANATION OF REFERENCE

1 Power tool (power drill)
2 Housing,

2A Main body part

2B Handle part

3 Drnill chuck

4 Adapter-battery pack assembly
5 Trigger switch

6 Slhiding-type battery pack
6 A Battery case

6B Connector

6a Front wall

65 Rear wall

6¢ Leit wall

64 Right wall

6¢ Terminal 1insertion part
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6/ Rib

62 Engaging groove
7 Adapter

7A Base part

7B Insertion part

7a Front wall

7b Rear wall

7c Left wall

7d Right wall

7e Rail

7/ Groove

8 Tool-latching device
8 A Operating part
8a Pressing part

86 Latch pawl

8c Spring

8d Slider

9 Battery latching device
9A Operating part
9B Recerving part
9a pressing part

96 Latch pawl

9¢ Spring

10 Terminals

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Next, preferred modes of the invention will be described
while referring to the accompanying drawings.
Mode for the Invention 1

First, the first mode of the invention will be described with
reference to FIGS. 1to 9.

FIG. 1 1s a perspective view showing a power drill 1 as one
example of a power tool to which the invention is applied. The
power drill 1 has a housing 2 that 1s T-shaped 1n a side view.
The housing 2 includes a main body part 2A and a handle part
2B extending substantially at a right angle to the main body
part 2A. The main body part 2A accommodates a motor (not
shown) serving as a drive source. A drill chuck 3 for holding
a tip tool or drill bit (not shown) 1s rotatably provided on the
tront side of the main body part 2A. The drill bit 1s detachably
mounted in the drll chuck 3.

An adapter-battery pack assembly 4 1s detachably mounted
on the lower end of the handle part 2B 1n FIG. 1. A trigger
switch 5 1s disposed on the front upper end of the handle part
2B where the handle part 2B connects to the main body part
2A.

FIG. 3 1s an exploded perspective view and FIG. 4 15 a
perspective view both showing the adapter-battery pack
assembly 4 according to the first mode of the invention. As 1s
illustrated in FIGS. 3 and 4, the adapter-battery pack assem-
bly 4 1s constructed by detachably mounting an adapter 7 on
a sliding-type battery pack 6 using the sliding method.

The power drill 1, to which the first mode of the invention
1s applied, 1s intended to be used by mounting an insertion
type battery pack (not shown) into the lower end of the handle
part 2B. Here, an outward-opening accommodating space
(not shown) 1s formed 1n the lower end of the handle part 2B.
Although not shown 1n the drawings, an electrical connector
having a plurality of terminals 1s provided 1n the back inside
part of the accommodating space.

To operate the power drill 1 powered by an 1nsertion-type
battery pack (not shown) with the sliding-type battery pack 6,
the adapter 7 1s used to mount the battery pack 6 1in the power
drill 1. To do this, the adapter 7 1s first mounted on the handle
part 2B of the power drill 1, and the battery pack 6 1s subse-
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quently mounted on the adapter 7 according to the sliding
method. Alternatively, the adapter-battery pack assembly 4
may be constructed by mounting the adapter 7 on the battery
pack 6, as shown 1n FIG. 4 and subsequently mounted on the
handle part 2B of the power drill 1 according to the insertion
method.

As shown 1 FIG. 1, a tool-latching device 8 1s used to
mount the adapter 7 or the adapter-battery pack assembly 4 on
the handle part 2B of the power drill 1, and a battery-latching,
device 9 1s used to mount the adapter 7 on the battery pack 6.

Next, the structure of the adapter 7 will be described.

Integrally molded of resin, the adapter 7 includes a base
part 7A having a substantially rectangular parallelepiped
shape, and an sertion part 7B having an elliptical cylinder
shape that protrudes from the top surtace of the base part 7A
in the rear portion thereof. The nsertion part 7B 1s mserted
from the lower end of the handle part 2B of the power drill 1
into the accommodating space (not shown) formed 1n the
handle part 2B. The 1nsertion part 7B accommodates a circuit
board (not shown) in a vertical orientation. Terminals 10
leading to the circuit board are exposed around the top outer
periphery of the insertion part 7B. When the insertion part 7B
1s mserted into the accommodating space 1n the handle part
2B, the terminals 10 connect with the terminals on the elec-
trical connector provided 1n the back of the accommodating,
space.

The outer periphery of the base part 7A on the adapter 7 1s
tormed of first side walls and second side walls. The first side
walls include a front wall 7a and a rear wall 75 disposed in
substantially confronting relation with each other. The second
side walls include a left wall 7¢ and a right wall 74 disposed
in substantially confronting relation with each other. The lett
wall 7¢ and the right wall 7d, 1.e., the second side walls,
connect the front wall 7a and rear wall 75, 1.e., the first side
walls. As shown in FIG. 2, a depression 1s formed in the
bottom surface of the base part 7A, and a pair of rails 7e
extends parallel to each other in the front-to-rear direction
along the bottoms of the left and right walls 7c and 7d. The left
and right rails 7¢ function both to guide the battery pack 6
when the battery pack 6 1s mounted on the adapter 7 according,
to the sliding method and to engage the battery pack 6 so as to
prevent the battery pack 6 from coming off the adapter 7.

The tool-latching device 8 has an operating part 8A pro-
vided on the adapter 7, while the battery-latching device 9 has
a pair ol recerwving parts 9B also provided on the adapter 7.
The operating part 8A of the tool-latching device 8 and the
receiving parts 9B of the battery-latching devices 9 are dis-

posed at different positions on the adapter 7 when viewed
along the msertion direction for inserting the adapter 7 into
the handle part 2B of the power drill 1 (plan view).

More specifically, the operating part 8 A of the tool-latch-
ing device 8 1s disposed on the front wall 7a of the base part
7A. FIG. 7 1s a side view showing the adapter-battery pack
assembly 4, and FIG. 8 1s a cross-sectional view of the
adapter-battery pack assembly 4 taken along the line A-A 1n
FIG. 7. As shown 1n FIG. 8, the operating part 8A includes a
pressing part 8a capable of sliding in the front-to-rear direc-
tion as indicated by an arrow, a latch pawl 86 erected verti-
cally from the rear end of the pressing part 8a, and a spring 8¢
tor urging the pressing part 8a and the latch pawl 85 forward
(leftward 1n FIG. 8).

A total of two recerving parts 9B of the battery-latching
device 9 are provided, with one each extending along the left
and right walls 7¢ and 7d of the base part 7A. As shown 1n
FIG. 2, the receving parts 9B are formed from rectangular
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6

engaging grooves 7f formed in the 1nner sides of the rails 7e
near the front ends thereof on the bottom surface of the base
part 7A.

Next, the structure of the battery pack 6 will be described 1n
detail.

As best shown 1n FIG. 3, the battery pack 6 has a battery
case 6 A molded of resin substantially in a rectangular paral-
lelepiped shape. The battery pack 6 accommodates a plurality
of rechargeable battery cells (not shown), such as lithium 10n
cells. Onthe outer periphery of the battery case 6 A are formed
afrontwall 6a, arear wall 65, aleft wall 6¢c and a right wall 64.
The left wall 6¢ and the right wall 64 connect the front wall 6a
and rear wall 6b.

A connector 6B 1s provided on the top surface of the battery
case 6A. Referring to FIG. 3 and FIG. 9 that 1s a cross-
sectional view of the adapter taken along the line B-B 1n FIG.
7, the connector 6B includes a terminal insertion part 6¢, and
a pair of left and right ribs 6f. The terminal insertion part 6¢ 1s
provided with a plurality of slots 6e-1 opening rearward
(rightward in FI1G. 9), each of which accommodates a termi-
nal 6e-2. The left and right ribs 6/ extend parallel to each other
in the front-to-rear direction along the left wall 6¢ and right
wall 6d of the battery case 6 A. Engaging grooves 6g having a
rectangular cross section are formed parallel to each other
along the front-to-rear direction between the top surface of
the battery case 6 A and the left and right ribs 6f.

The battery-latching device 9 has a total of two operating,
parts 9A provided on the battery pack 6, with one each on the
left and right walls 6¢ and 64 of the battery case 6 A. As shown
in FI1G. 9, each of the operating parts 9A 1ncludes a pressing
part 9a operated by pushing in a transverse direction, 1ndi-
cated by an arrow 1n FI1G. 9, a latch pawl 96 having a hook-
shape extending from the pressing part 9a that is bent to form
three sides of a rectangle 1n a plan view, and a spring 9c¢ for
urging the pressing part 9a outward. The latch pawl 956 pro-
trudes 1nto the respective engaging groove 6g of the battery
pack 6 while the pressing part 9a 1s not being pressed and 1s
retracted from the engaging groove 62 when the pressing part
9a 15 pressed.

The adapter 7 1s coupled with the battery pack 6 by fitting,
therails 7e of the adapter 7 into the engaging grooves 6g of the
battery pack 6 from the rear side, sliding the adapter 7 forward
in this state, and engaging the rails 7e in the engaging grooves
62. As shown in FIG. 9, the latch pawls 956 have tapered
surtaces so that when the front ends of the rails 7e contact the
latch pawls 96 and slide over the tapered surfaces formed on
the latch pawls 95, the latch pawls 95 retract inward, allowing,
the adapter 7 to slide forward. When the engaging grooves 7/
formed 1n the rails 7e become aligned with the latch pawls 95
on the battery pack 6 side, the restoring force in the latch
pawls 96 push the latch pawls 95 back outward so that the
latch pawls 956 engage in the engaging grooves 7f. In this way,
the adapter 7 1s reliably mounted on the battery pack 6,
completing assembly of the adapter-battery pack assembly 4
shown 1n FIG. 4. FIG. 35 1s a front view, FIG. 6 1s a plan view,
and FIG. 7 1s a side view ol the adapter-battery pack assembly
4 shown 1n FIG. 4.

After mounting the adapter 7 on the battery pack 6 to
assemble the adapter-battery pack assembly 4, as described
above, the adapter-battery pack assembly 4 1s mounted on the
bottom end of the handle part 2B by inserting the insertion
part 7B on the top side of the adapter 7 into the accommodat-
ing space formed in the bottom of the handle part 2B. At this
time, the latch pawl 85 on the operating part 8 A of the tool-
latching device 8 provided on the adapter 7 engages 1n an
engaging groove (not shown) on the power drll 1 side to
prevent the adapter-battery pack assembly 4 from coming oif
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the power drill 1. Further, the terminals 10 provided around
the msertion part 7B of the adapter 7 are connected to the
plurality of terminals on the electrical connector (not shown)
provided 1n the accommodating space of the handle part 2B,
enabling the battery pack 6 to supply power to the power drill

1

The power drill 1 1s turned on by operating the trigger
switch 5 provided thereon, at which time the battery pack 6
supplies power to the motor (not shown) for driving the same.
The rotation of the motor 1s transmitted to the drill chuck 3 via
a transmitting mechanism (not shown), driving the drill chuck
3 and a dnll bit (not shown) mounted 1n the drill chuck 3 to
rotate for driving a screw.

The adapter-battery pack assembly 4 can be removed from
the power drill 1 simply by pressing the pressing part 8a of the
operating part 8A against the urging force of the spring 8¢
rearward, as indicated by the arrow 1n FIG. 8. Since the latch
pawl 86 moves together with the pressing part 8a 1n the same
direction at this time, the latch pawl 85 disengages from the
engaging groove (not shown) on the power drill 1 side, allow-
ing the adapter-battery pack assembly 4 to be removed from
the power drll 1. Since the operating part 8A of the tool-
latching device 8 provided on the adapter 7 1s disposed 1n a
different position from the operating parts 9A of the battery-
latching devices 9 provided on the battery pack 6 when view-
ing the adapter 7 along the direction for inserting the adapter-
battery pack assembly 4 into the power dnll 1, the operating
part 8A and operating parts 9A can be made large to ensure
that they are easy to operate. Further, this arrangement
reduces the likelihood of the operating parts 9A on the bat-
tery-latching devices 9 being operated accidentally.

Further, 1in the adapter-battery pack assembly 4 described
above, the adapter 7 can be removed from the battery pack 6
simply by pressing the operating parts 9a of the operating
parts 9A mward against the urging force of the springs 9¢, as
indicated by the arrows 1n FIG. 9. Since the latch pawls 956
move together with the respective operating parts 9a in the
same direction at this time, the latch pawls 956 disengage from
the engaging grooves 7f on the adapter 7 side, enabling the
adapter 7 to be removed from the battery pack 6. When
removing the adapter-battery pack assembly 4 from the
power drill 1, the configuration of the power drill 1 makes 1t
less likely for the operating part 8 A of the tool-latching device
8 to be operated accidentally.

Another method of using the power drill 1 1s to first mount
the adapter 7 on the handle part 2B of the power drill 1 and
subsequently mount the battery pack 6 on the adapter 7.
However, the steps for mounting the adapter 7 in the power
dr1ll 1 and the battery pack 6 on the adapter 7 and the steps for
removing the adapter-battery pack assembly 4 from the

power drill 1 are essentially identical to those described
above.

With the structure according to the first mode of the inven-
tion described above, battery packs 6 using different mount-
ing systems can be mounted on the same power drill 1 via the
adapter 7. Accordingly, the structure of the first mode of the
invention can easily support different mounting methods.

Further, by disposing the operating part 8A of the tool-
latching device 8 1n a different position from the operating
parts 9A of the battery-latching devices 9 when viewed along,
the direction in which the insertion part 7B of the adapter 7 1s
inserted, the structure according to the first mode of the mnven-
tion reduces the likelthood of a user operating the wrong
operating part, thereby achieving high operability for the
operating part 8A and operating parts 9A.
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Mode for the Invention 2

Next, a second mode of the invention will be described
with reference to FIGS. 10 through 13, wherein like parts and
components are designated with the same reference numerals
to avoid duplicating description.

FIG. 10 1s a front view, FIG. 11 1s a plan view, and FI1G. 12
1s a side view of a battery pack with an attached adapter
according to a second mode of the invention. FIG. 13 1s a side
view 1llustrating a method of mounting the adapter on the
battery pack.

In the second mode of the invention, operating parts 8A of
two tool-latching devices 8 and a recewving part 9B of one
battery-latching device 9 are provided on the adapter 7 and
are disposed 1n different positions when viewing the adapter
7 1n a plan view, 1.e. along the direction 1n which the adapter
7 1s 1nserted 1nto the power drill 1.

More specifically, as shown 1 FIGS. 10 and 11, the oper-
ating parts 8A of the tool-latching devices 8 are provided on
the base part 7A of the adapter 7, one on each of the left and
right walls 7c and 7d. Each of the operating parts 8A includes
a pressing part 8a capable of sliding 1n a transverse direction,
a latch pawl 8b erected vertically from an inner end of the
pressing part 8a, and a spring 8¢ for urging the pressing part
8a and the latch pawl 85 outward (leftward and rightward,
respectively, 1n FIG. 10).

The recerving part 9B of the battery-latching device 9 1s
disposed on the front wall 7a of the base part 7A and 1s
configured of a rectangular engaging groove 7f formed 1n the
bottom surface of the base part 7A at the front end thereof.

The operating part 9A of the battery-latching device 9 1s
provided on the front wall 6a of the battery pack 6. The
operating part 9A includes a pressing part 9a operated by
pushing downward, as indicated by the arrow 1 FIG. 10, a
latch pawl 96 having a hook shape extending vertically from
the top endface of the pressing part 9a, and a spring 9¢ for
urging the pressing part 9a upward.

The adapter 7 1s coupled with the battery pack 6 by fitting
therails 7e of the adapter 7 into the engaging grooves 6g of the
battery pack 6 from the rear side, sliding the adapter 7 forward
in this state, as indicated by the arrow 1n FIG. 13, and engag-
ing the rails 7e in the engaging grooves 6g. As shown 1n FIG.
12, the latch pawl 956 has a tapered surface so that when the
front end of the adapter 7 contacts the latch pawl 96 and slides
over the tapered surface formed on the latch pawl 95, the latch
pawl 95 moves downward against the urging force of the
spring 9c¢, allowing the adapter 7 to slide forward. When the
engaging groove 7f formed in the adapter 7 becomes aligned
with the latch pawl 95 on the battery pack 6 side, the urging
force of the spring 9¢ pushes the latch pawl 95 upward so that
the latch pawl 96 engages 1n the engaging groove 7f. In this
way, the adapter 7 1s reliably mounted on the battery pack 6,
completing assembly of the adapter-battery pack assembly 4
shown 1n FIGS. 10 through 12.

After mounting the adapter 7 on the battery pack 6 to
assemble the adapter-battery pack assembly 4, as described
above, the adapter-battery pack assembly 4 1s mounted on the
bottom end of the handle part 2B by inserting the insertion
part 7B on the top side of the adapter 7 into the accommodat-
ing space formed in the bottom of the handle part 2B. At this
time, the latch pawls 86 on the operating parts 8 A of the left
and right tool-latching devices 8 provided on the adapter 7
engage 1n engaging grooves (not shown) on the power drill 1
side to prevent the adapter-battery pack assembly 4 from
coming oif the power drill 1 and enable the battery pack 6 to
supply power to the power drill 1.

The adapter-battery pack assembly 4 can be removed from
the power drill 1 simply by pressing the operating parts 8a of
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the operating parts 8 A inward against the urging force of the
springs 8¢, as indicated by the arrows 1n FIG. 11. Since the
latch pawls 85 move together with the operating parts 8a 1n
the same direction at this time, the latch pawls 8b disengage
from the engaging grooves (not shown) on the power drill 1
side, allowing the adapter-battery pack assembly 4 to be
removed from the power drll 1. Since the operating parts 8A
ol the tool-latching devices 8 provided on the adapter 7 are
disposed 1n different positions from the operating part 9A of
the battery-latching device 9 provided on the battery pack 6
when viewing the adapter 7 along the direction for inserting,
the adapter-battery pack assembly 4 into the power drill 1, the
operating parts 8 A and operating part 9A can be made large to
ensure that they are easy to operate. Further, this arrangement
reduces the likelihood of the operating part 9A on the battery-
latching device 9 being operated accidentally.

Further, the adapter 7 can be removed from the adapter-
battery pack assembly 4 simply by pressing the pressing part
9a ot the operating part 9A downward against the urging force
of the spring 9¢, as indicated by the arrow 1n FIG. 10. Since
the latch pawl 96 moves together with the pressing part 9a in
the same direction at this time, the latch pawl 96 disengages
from the engaging groove 7f on the adapter 7 side, enabling
the adapter 7 to be removed from the battery pack 6. When
removing the adapter-battery pack assembly 4 from the
power drill 1, the configuration of the power drill 1 makes 1t
less likely for the operating parts 8A of the tool-latching

devices 8 to be operated accidentally.

In the second mode of the invention described above, bat-
tery packs 6 using different mounting systems can be
mounted on the same power drill 1 via the adapter 7. Accord-
ingly, the structure of the preferred mode of the invention can
casily support different mounting methods.

Further, by disposing the operating parts 8A of the tool-
latching devices 8 1n different position from the operating part
9A of the battery-latching device 9 when viewed along the
direction 1n which the msertion part 7B of the adapter 7 1s
inserted, the structure according to the second mode of the
invention reduces the likelihood of a user operating the wrong
operating part, thereby achieving high operability for the
operating parts 8 A and operating part 9A.

Mode for the Invention 3

Next, a third mode of the invention will be described with
reference to FIGS. 14 through 17, wherein like parts and
components are designated with the same reference numerals
to avoid duplicating description.

FI1G. 14 1s a front view, FIG. 15 1s a plan view, and FIG. 16

a side view of a battery pack with an attached adapter
according to the third mode of the invention. FIG. 17 1s a side
view 1llustrating a method of mounting the adapter on the
battery pack according to the third mode of the invention.

In the third mode of the invention, operating parts 8A of
two tool-latching devices 8 and a receiving part 9B of one
battery-latching device 9 are provided on the adapter 7 and
are disposed 1n different positions when viewing the adapter
7 1n a plan view, 1.e. along the direction 1n which the adapter
7 1s 1nserted 1nto the power drill 1.

More specifically, as shown 1 FIG. 15, the operating parts
8 A ofthetool-latching devices 8 are provided on the base part
7A of the adapter 7, one on each of the left and nght walls 7¢
and 7d. Each of the operating parts 8 A includes a pressing part
8a capable of sliding in a transverse direction and having a
tapered surface on the inner endface. The two operating parts
8 A share a slider 8d that contacts the tapered surfaces of both
operating parts 8a and 1s capable of sliding forward and
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the slider 84, and a spring 8¢ for urging the slider 84 and the
latch pawl 85 forward (leftward 1n FIG. 15).

As 1n the second mode of the invention, the recerving part
9B of the battery-latching device 9 1s disposed on the front
wall 7a of the base part 7A and 1s configured of a rectangular
engaging groove 7f formed 1n the bottom surface of the base
part 7A at the front end thereof.

As 1n the second mode of the invention, the operating part
9A of the battery-latching device 9 1s provided on the front
wall 6a of the battery pack 6. The operating part 9A includes
a pressing part 9a operated by pushing downward, as 1ndi-
cated by the arrow 1n FIG. 14, a latch pawl 96 having a hook
shape extending vertically from the top endface of the press-
ing part 9a, and a spring 9¢ for urging the pressing part 9a and
latch pawl 96 upward.

The adapter 7 1s coupled with the battery pack 6 by fitting,
the left and right rails 7e into the left and rnght engaging
grooves 6g of the battery pack 6 from the rear side, sliding the
adapter 7 forward 1n this state, as indicated by the arrow 1n
FIG. 17, and engaging the rails 7e 1n the engaging grooves 6g.
As shown 1n FIG. 16, the latch pawl 956 has a tapered surface
so that when the front end of the adapter 7 contacts the latch
pawl 95 and slides over the tapered surface formed on the
latch pawl 95, the latch pawl 96 moves downward against the
urging force of the sprmg 9¢, allowing the adapter 7 to slide
forward. When the engaging groove 7f formed 1n the adapter
7 becomes aligned with the latch pawl 95 on the battery pack
6 side, the urging force of the spring 9¢ pushes the latch pawl
96 upward so that the latch pawl 96 engages 1n the engaging
groove 7f. In this way, the adapter 7 1s reliably mounted on the
battery pack 6, completing assembly of the adapter-battery
pack assembly 4 shown 1n FIGS. 14 through 16.

After mounting the adapter 7 on the battery pack 6 to
assemble the adapter-battery pack assembly 4, as described
above, the adapter-battery pack assembly 4 1s mounted on the
bottom end of the handle part 2B by inserting the insertion
part 7B on the top side of the adapter 7 into the accommodat-
ing space formed in the bottom of the handle part 2B. At this
time, the latch pawl 85 of the operating parts 8 A engage 1n an
engaging groove (not shown) formed 1n the power drill 1 side
to prevent the adapter-battery pack assembly 4 from coming
oll the power drill 1 and to enable the battery pack 6 to supply
power to the power drill 1.

The adapter-battery pack assembly 4 can be removed from
the power drill 1 simply by pressing the operating parts 8a of
the operating parts 8A inward against the urging force of the
spring 8¢, as indicated by the arrows 1n FIG. 15. Since the
slider 84 contacting the tapered surfaces of the operating parts
8a slides rearward (rightward 1n FIG. 15) against the urging
force of the spring 8c at this time due to the wedge effect, the
latch pawl 85 formed integrally with the slider 84 moves 1n
the same direction. Accordingly, latch pawl 8b disengages
from the engaging groove (not shown) on the power drill 1
side, allowing the adapter-battery pack assembly 4 to be
removed from the power drill 1. Since the operating parts 8A
of the tool-latching devices 8 provided on the adapter 7 are
disposed 1n different positions from the operating part 9A of
the battery-latching device 9 provided on the battery pack 6
when viewing the adapter 7 along the direction for inserting
the adapter-battery pack assembly 4 into the power drill 1, the
operating parts 8 A and operating part 9A can be made large to
ensure that they are easy to operate. Further, this arrangement
reduces the likelihood of the operating part 9A on the battery-
latching device 9 being operated accidentally.

Further, as 1n the second mode of the invention described
above, the adapter 7 can be removed from the adapter-battery
pack assembly 4 simply by pressing the pressing part 9q of the
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operating part 9A downward against the urging force of the
spring 9¢, as indicated by the arrow in FI1G. 14. Since the latch
pawl 96 moves together with the pressing part 9a in the same
direction at this time, the latch pawl 96 disengages from the
engaging groove 7f on the adapter 7 side, enabling the adapter
7 to be removed from the battery pack 6. When removing the
adapter-battery pack assembly 4 from the power drill 1, the
configuration of the power drill 1 makes 1t less likely for the
operating parts 8A of the tool-latching devices 8 to be oper-
ated accidentally.

In the third mode of the invention described above, battery
packs 6 using different mounting systems can be mounted on
the same power drill 1 via the adapter 7. Accordingly, the
structure of the third mode of the invention can easily support
different mounting methods.

Further, by disposing the operating parts 8A of the tool-
latching devices 8 1n different position from the operating part
9A of the battery-latching device 9 when viewed along the
direction 1n which the isertion part 7B of the adapter 7 1s
inserted, the structure according to the third mode of the
invention reduces the likelihood of a user operating the wrong
operating part, thereby achieving high operability for the
operating parts 8 A and operating part 9A.

Industrial Applicability

An adapter of the invention can be used 1n conjunction with
a cordless power tool and enables the cordless power tool to
use battery packs of different mounting type.

The mvention claimed 1s:

1. An adapter configured for mounting a battery to a power
tool, comprising;

an 1nsertion part protruding in a first direction and insert-
able 1nto abody of apower tool, the insertion part having
a plurality of terminals for electrically connecting with
the power tool;

a pair of rails that guides a battery pack to move 1n a second
direction substantially orthogonal to the first direction
for mounting the battery pack;

a tool-latching device for attaching to and detaching from
the body of the power tool; and

a battery-latching device for attaching to and detaching
from the battery pack,

wherein the tool-latching device and the battery-latching
device are disposed 1n different positions when viewing
the adapter 1n the first direction.

2. The adapter according to claim 1, further comprising a
base part having a pair of first side walls disposed 1n substan-
tially confronting relation with each other and a pair of second
side walls disposed 1n substantially confronting relation with
cach other and connecting the pair of first side walls, wherein
the tool-latching device comprises an operating part capable
of engaging a recerving part provided in the body of the power
tool, and the battery-latching device comprises a receiving,
part with which an operating part provided 1n the battery pack
1s engageable, the operating part of the tool-latching device
being disposed on a different wall of the pair of first side walls
and the pair of second side walls than the receiving part of the
battery-latching device.

3. The adapter according to claim 2, wherein the operating
part of the tool-latching device 1s disposed on at least one of
the pair of second side walls, and the receiving part of the
battery-latching device 1s formed in the pair of first side walls.

4. The adapter according to claim 2, wherein the recerving,
part of the battery-latching device 1s formed 1n the pair of
second side walls, and the operating part of the tool-latching
device 1s disposed on the pair of first side walls.
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5. The adapter according to claim 2, wherein operation of
the operating part of the tool-latching device detaches the
adapter from the body of the power tool.

6. The adapter according to claim 2, wherein operation of
the operating part of the battery pack detaches the adapter
from the battery pack.

7. An adapter-battery pack assembly comprising an adapter
and a battery pack,

wherein the adapter 1s configured to mount the battery pack
to a power tool and comprises:

an msertion part protruding 1n a first direction and 1nsert-
able mto a body of the power tool, the nsertion part
having a plurality of terminals for electrically connect-
ing with the power tool;

a pair of rails that guides a battery pack to move 1n a second
direction substantially orthogonal to the first direction
for mounting the battery pack;

a tool-latching device including an operating part for
attaching the adapter to and detaching the adapter from
the body of the power tool; and

a recerving part for attaching the adapter to and detaching
the adapter from the battery pack,

wherein the battery pack comprises:

a battery case accommodating a battery;

a pair of rail grooves formed 1n the battery case for inserting,
the pair of rails; and

a battery-side operating part engageable with the receiving
part,

wherein the operating part of the adapter and the receiving
part are disposed 1n different positions when viewing the
adapter 1n the first direction of the 1nsertion part.

8. The adapter-battery pack assembly according to claim 7,
wherein the adapter further comprises a base part having a
pair of first side walls disposed 1n substantially confronting
relation with each other and a pair of second side walls dis-
posed 1n substantially confronting relation with each other
and connecting the pair of first side walls, wherein the oper-
ating part of the adapter 1s capable of engaging a receiving
part provided in the body of the power tool.

9. The adapter-battery pack assembly according to claim 8,
wherein one operating part of the adapter 1s disposed on one
of the pair of second side walls, and one receiving part of the
adapter 1s formed 1n each of the pair of first side walls.

10. The adapter-battery pack assembly according to claim
8, wherein one receiving part of the adapter 1s formed 1n one
of the pair of second side walls, and one operating part of the
adapter 1s disposed on each of the pair of first side walls.

11. The adapter-battery pack assembly according to claim
7, wherein operation of the operating part of the adapter
detaches the adapter from the body of the power tool.

12. The adapter-battery pack assembly according to claim
7, wherein operation of the operating part of the battery pack
detaches the adapter from the battery pack.

13. A power tool comprising:

a motor;

a battery pack serving as a power source for the motor;

an accommodating section that opens outward;

an electric connector disposed adjacent the accommodat-
ing section; and

an adapter that 1s configured to mount the battery pack to a
power tool and supplies power from the battery pack to
the motor, the adapter comprising: an insertion part that
1s 1nserted into the accommodating section and has a
plurality of terminals for electrically connecting with the
power tool; a pair of rails that guides 1nsertion of the
battery pack in a direction substantially orthogonal to
the msertion direction of the insertion part; a tool-latch-
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ing device mcluding an operating part that attaches the
insertion part in and detaching the insertion part from the
accommodating section; and a recerving part for attach-

ing to and detaching from the battery pack,
wherein the operating part and the recerving part are dis-
posed 1n different positions when viewing the adapter in

the 1insertion direction of the 1nsertion part.
14. The power tool according to claim 13, wherein the
adapter further comprises a base part having a pair of first side

walls disposed 1n substantially confronting relation with each 10

other and a pair of second side walls disposed 1n substantially
confronting relation with each other and connecting the pair
of first side walls, wherein the operating part engages a
receiving part provided in the body of the power tool, and the

receiving part engages an operating part provided in the bat- 15

tery pack.

14

15. The power tool according to claim 14, wherein one
operating part of the adapter 1s disposed on one of the pair of
second side walls, and one receiving part of the adapter 1s
formed 1n each of the pair of first side walls.

16. The power tool according to claim 14, wherein one
receiving part of the adapter 1s formed 1n one of the pair of
second side walls, and one operating part of the adapter 1s
disposed on each of the pair of first side walls.

17. The power tool according to claim 13, wherein opera-
tion of the operating part of the adapter detaches the adapter
from the body of the power tool.

18. The power tool according to claim 13, wherein opera-
tion of the operating part of the battery pack detaches the
adapter from the battery pack.
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